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and a handle operationally connected to the end eftector, the handle in-
cluding a trigger and a mode button; where the mode button is first in a
neutral position in which actuation of the trigger causes the end effector
to move to a clamped configuration; and where the mode button is mov-
able laterally to a second position in which actuation of the trigger causes
the end effector to deploy staples.
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SINGLE-TRIGGER CLAMPING AND FIRING OF SURGICAL STAPLER

CROSS REFERENCE TO RELATED APPLICATION

[0001] This application claims priority of U.S. Patent Application Serial No.
13/451,344, Attorney Docket No. 348, filed on July 12, 2012, which is hereby

incorporated by reference in its entirety.

FIELD OF THE INVENTION

[0002] The invention generally relates to surgical instruments, and more

specifically to the actuation of surgical instruments.

BACKGROUND

[0003] Minimally invasive surgery is performed through small incisions in the
body, into which trocar ports may or may not be placed. One or more surgical
instruments are inserted through each incision in order to perform the surgical
procedure. In order to effectuate one of the objectives of minimally invasive surgery,
which is the minimization of incisions to the body to reduce healing time and scarring, it
is desirable to minimize the number of incisions made in the body. The number of
incisions and their placement are determined by the particular surgical procedure to be
performed and the configuration of the instruments used to carry out that procedure.

[0004] One problem encountered during the performance of surgical stapling in
a minimally-invasive procedure, or even an open surgical procedure, is the need for
different triggers on a surgical stapler for clamping and for staple deployment. The use
of multiple triggers increases the complexity of use of, the part count of, and the size of

a surgical stapler.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1 is a perspective view of a surgical stapler.

[0006] FIG. 2 is a side cutaway view of a handle of the surgical stapler of FIG.

[0007] FIG. 3 is a side cutaway view of the handle of the surgical stapler of

FIG. 1, from the side opposite to FIG. 2, showing a clamping system in isolation.
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[0008] FIG. 4 is a side view of a clamp lock in an unclamped position.

[0009] FIG. 5 is a perspective view of the clamp lock of FIG. 4.

[0010] FIG. 6 is a perspective view of the clamp lock of FIG. 4, including the
unclamp rod and release buttons.

[0011] FIG. 7 is a side cutaway view of the handle of the surgical stapler of
FIG. 1, from the same side as FIG. 2, showing a deployment system in isolation.

[0012] FIG. 8 is a perspective cutaway view of the handle of the surgical stapler
of FIG. 1, from the same side as FIG. 2, showing a mode switching system in isolation.

[0013] FIG. 9 is a different perspective view of the mode switching system in
isolation of FIG. 8, in an initial position.

[0014] FIG. 10 is a perspective cross-section view of a mode switch in an
initial, neutral position.

[0015] FIG. 11 is a top cross-section view of FIG. 10.

[0016] FIG. 12 is a perspective view of the mode switch of FIG. 10 and part of
the clamp lock of FIG. 4 in a clamped position.

[0017] FIG. 13 is a top cross-section view of FIG. 10 in a deployment position.

[0018] FIG. 14 is a different perspective view of the mode switching system in
isolation of FIG. 9, in an initial position.

[0019] FIG. 15 is a side view of the clamp lock of FIG. 4 in a clamped position.

[0020] FIG. 16 is a perspective view of the deployment system of FIG. 7 in
deployment mode, before firing staples.

[0021] FIG. 17 is the perspective view of FIG. 16, after firing staples.

[0022] The use of the same reference symbols in different figures indicates

similar or identical items.

DETAILED DESCRIPTION

[0023] U.S. Pat. No. 7,954,683, issued on June 7, 2011, and U.S. Pat. No.
7,988,026, issued on August 2, 2011 (the “Endocutter Documents”), are herein
incorporated by reference in their entirety.

[0024] Referring to FIG. 1, an exemplary surgical stapler 2 may include an end
effector 4, which in turn includes a staple holder 8 and an anvil 6, where at least one of
the staple holder 8 and the anvil 6 are rotatable and/or otherwise movable relative to one

another. Alternately, the staple holder 8 and the anvil 6 may be directly connected to
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one another in any other suitable manner, if desired. The staple holder 8 and anvil 6 may
be configured substantially as set forth in the Endocutter Document. As another
example, the staple holder 8§ may be a single-use cartridge, detachable from a remainder
of the end effector 4. If so, the feeder belt of the Endocutter Document may be fixed to
the cartridge, or movable relative to the cartridge. As another example, where the staple
holder 8 is a detachable cartridge, it may hold a number of individual, conventional
staples. The staple holder 8 and anvil 6 may be fabricated from any suitable material or
materials. As one example, both the staple holder 8 and anvil 6 may be fabricated from
stainless steel. As another example, at least one of the staple holder 8 and anvil 6 may
be fabricated at least in part from a ceramic material, to provide enhanced stiffness. As
another example, the end effector 4 may be any other suitable item for treating or
visualizing tissue, such as but not limited to at least one electrode (bipolar or otherwise),
adhesive applicator, camera, ultrasound emitter, forceps, or other items. The end
effector 4 may be connected to the distal end of a shaft 10. The shaft 10 may be rigid
along part or all of its length. Alternately, the shaft 10 may be flexible in whole or in
part, or may include an articulating region, such as described in U.S. Pat. No. 7,918,376,
issued on April 5, 2011 (the “Articulation Document”), which is hereby incorporated by
reference in its entirety.

[0025] The handle 12 may be attached to the proximal end of the shaft 10, or
any other suitable portion of the shaft 10. The shaft 10 may be fabricated integrally
with the handle 12. Alternately, the shaft 10 and the handle 12 may be two separate
items that are connected together in any suitable manner. The handle 12 may include
any mechanism, mechanisms, structure or structures that are suitably configured to
actuate the end effector 4. The handle 12 may be actuated purely by hand, meaning that
the handle 12 mechanically converts force applied thereto by hand to force utilized to
actuate the end effector 4. As another example, the handle 12 may include a source of
stored energy for actuating the end effector 4. The source of stored energy may be
mechanical (such as a spring), electrical (such as a battery), pneumatic (such as a
cylinder of pressurized gas) or any other suitable source of stored energy. The source of
stored energy, its regulation, and its use in actuating the end effector 4 may be as
described in commonly-assigned U.S. Patent No. 7,682,368, issued on March 23, 2010,
which is herein incorporated by reference in its entirety. The handle 12 may instead, or

also, include a connector or connectors suitable for receiving stored energy from an
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external source, such as a hose connected to a hospital utility source of pressurized gas
or of vacuum, or an electrical cord connectable to a power source.

[0026] The handle 12 may include a trigger 14 and a mode button 16.
Advantageously, the handle 12 includes a single trigger 14. The single trigger 14 both
clamps the end effector 4 and deploys staples from the staple holder 8, as described in
greater detail below. The handle 12 may include a palm grip 18 located proximal to the
trigger 14. The palm grip 18 and trigger 14 may be configured such that a user can hold
the palm grip 18 against his or her hand, and grasp a distal surface of the trigger 14 with
one or more fingers of that hand. Alternately, the handle 12 and trigger 14 may be
arranged in any other suitable manner. A release button 13 may be included on the
handle 12. The release button 13 is actuated to unclamp the end effector 4, as described
in greater detail below. A deploy slide 15 may be included on, and slidable relative to,
the handle 12. The deploy slide 15 is actuated to reset the surgical stapler 2, as
described in greater detail below.

[0027] Referring also to FIGS. 2-3, the trigger 14 may rotate about the mode
button 16. As another example, the trigger 14 may rotate about an axis that is
substantially collinear with the axis of the mode button 16. The trigger 14 may be
connected to the palm grip 18 by a spring 20 that acts to pull the trigger 14 to a neutral
position in which the trigger 14 is spaced apart from the palm grip 18. However, the
spring 20 may be omitted if desired. The upper portion of the trigger 14 may be held
within the handle 12.

[0028] A clamp trigger gear 80 may rotate about the mode button 16 as well.
The clamp trigger gear 80 may have an outer perimeter, where an arc 81 of teeth 83
forms part of that outer perimeter of the clamp trigger gear 80. The arc 81 may be an
arcuate segment of a circle, and which may be centered on the mode button 16.
However, the clamp trigger gear 80 may have a different radius of curvature, shape,
and/or different orientation relative to the mode button 16.

[0029] The clamp trigger gear 80 selectively engages the clamp belt gear 82, as
described in greater detail below. The clamp belt gear 82 may include and be rotatable
about an axle 84 that is held by the handle 12. Distal to the clamp belt gear 82, an idler
gear 86 may include and be rotatable about an axle 88 that is held by the handle 12. A
clamp belt 90 may extend between the clamp belt gear 82 and the idler gear 86.
Advantageously, the clamp belt 90 forms a continuous loop, with the gears 82, 86 inside

that loop, holding the clamp belt 90 in tension. The clamp belt 90 may include a
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toothed inner surface 92 that engages the gears 82, 86. Optionally, the teeth on the
clamp belt gear 82 that engage the toothed inner surface 92 of the clamp belt 90 may be
different from the tecth of the clamp belt gear 82 that engage the clamp trigger gear 80.
For example, the teeth on the clamp belt gear 82 that engage the toothed inner surface
92 of the clamp belt 90 may be positioned laterally inward from the teeth of the clamp
belt gear 82 that engage the tecth 83 of the clamp trigger gear 80. A clamp slide 94 may
be fixed to the clamp belt 90. The clamp slide 94 may be located initially near the distal
end of the clamp belt 90, close to or in contact with the idler gear 86. The clamp slide
94 may be fixed to the clamp belt 90 in any suitable manner, and may engage both the
inner surface 92 and the outer surface 96 of the clamp belt 90. Alternately, the clamp
slide 94 may engage only one surface 92, 96 of the clamp belt 90, or may engage a
central portion of the clamp belt 94 between the surfaces 92, 96 rather than engaging the
surfaces 92, 96. The clamp slide 94 may have any suitable shape. As one example,
referring to FIG. 5, the clamp slide 94 may define a cylindrical passage 98 therein.
(Note that the clamp slide 94 is shown in cross-section in FIG. 5.). A clamp slide pin
100, or other structure such as a rod or bar, may be a part of the clamp slide 94, and may
extend generally laterally or in any other suitable direction. The clamp slide pin 100
may be positioned under the clamp belt 90. Alternately, the clamp slide pin 100 may be
positioned differently. The clamp slide 94 may be fixed to, coupled to, or otherwise
engageable with one or more structures or mechanisms that extend from the clamp slide
94 through the shaft 10 to the end effector 4. Clamping of an end effector 4 is described
in, for example, commonly-assigned U.S. Patent Applications Serial Nos. 12/263,171,
filed on October 31, 2008; 12/612,614, tiled on November 4, 2009; and 12/840,156,
filed on July 20, 2010 (the “Clamping Documents”), all of which are herein
incorporated by reference in their entirety.

[0030] Referring also to FIG. 4, a clamp lock 34 is shown. The clamp lock 34
may be generally U-shaped in cross-section, having two lateral walls 35, 37 spaced
apart from one another, where those lateral walls 35, 37 may be generally parallel. A
lower wall 39 connects the lateral walls 35, 37, and is connected to the lower edge of
cach lateral wall 35, 37. The lower wall 39 may occupy a plane that is generally
perpendicular to the plane of each lateral wall 35, 37. Alternately, the clamp lock 34
may have any other suitable shape and/or cross-section. A pivot pin 60 may extend
laterally from at least one side of the clamp lock 34. The pivot pin 60 may be fixed to

the clamp lock 34, or may be a pin, rod or similar structure that extends through
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apertures defined in the clamp lock 34. The pivot pin 60 is held by the handle 12 such
that the pivot pin 60 can rotate but not substantially translate. For example, each end of
the pivot pin 60 may be held within an open cylindrical structure fabricated as part of, or
that is attached to, the handle 12. Alternately, where the pivot pin 60 extends through
apertures in the clamp lock 34, the pivot pin 60 may be held completely immobile by
the handle 12. A clamp lock tail 32 may extend proximally and downward from the
clamp lock 34. The clamp lock tail 32 may have any suitable shape. As one example,
as shown in FIGS. 4-5 it may form a gentle S-shape. The clamp lock tail 32 is located
proximal to the pivot pin 60. The clamp lock tail 32 may extend from one of the lateral
walls 35, 37 of the clamp lock 34, and may be substantially as thick as the lateral wall
35, 37 from which it extends.

[0031] A spring 58 may extend from the clamp lock 34 to the handle 12. One
end of the spring 58 may be fixed or otherwise attached to the clamp lock 34 at or near
the proximal end thereof. Alternately, that end of the spring 58 may be attached to any
location on the clamp lock 34 proximal to the pivot pin 60. The other end of the spring
58 may be fixed or otherwise attached to the handle 12. In an initial, preclamped
position, the spring 58 is in tension, such that the spring 58 biases the proximal end of
the clamp lock 34 downward and the distal end of the clamp lock 34 upward.
Alternately, the spring 58 may be located distal to the pivot pin 60 and fixed to the
handle 12 in such a way that in an initial, preclamped position, the spring 58 biases the
proximal end of the clamp lock 34 downward and the distal end of the clamp lock 34
upward.

[0032] A detent 102 may be defined in at least one lateral wall 35, 37 of the
clamp lock 34, distal to the pivot pin 60. The detent 102 acts to hold the clamp slide pin
100 in place when the end effector 4 is clamped, as described in greater detail below.
When the end effector 4 is clamped, the clamp slide pin 100 is located at a longitudinal
position that is more proximal than the position of the clamp slide pin 100 when the end
effector 4 is unclamped, and interference between the clamp slide pin 100 and the front
wall 104 of the detent 102 holds the surgical stapler 2 in that clamped configuration.
An unclamp aperture 76 may be defined through at least one lateral wall 35, 37 of the
clamp lock 34. The unclamp aperture 76 may have any suitable shape. As one
example, the unclamp aperture 76 may be generally triangular, with an upper surface 78
that slopes downward in the distal direction. An unclamp rod 74 may extend through

each unclamp aperture 76, and may be fixed or otherwise connected to at least one
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release button 13. As seen in FIG. 6, two release buttons 13 may be provided, one on
cach lateral side of the handle 12, with the unclamp rod 74 extending between the two
release buttons 13. As seen in FIGS. 4-5, the unclamp rod 74 and the clamp lock 34 are
in an unclamped position, and as seen in FIG. 6, the unclamp rod 74 and the clamp lock
34 are in a clamped position.

[0033] Referring also to FIG. 7, a deployment trigger gear 110 may rotate about
the mode button 16 as well. The deployment trigger gear 110 may have an outer
perimeter, where an arc 53 of teeth 55 forms part of the perimeter of the deployment
trigger gear 110. The arc 53 may be an arcuate segment of a circle, and which may be
centered on the mode button 16. However, the deployment trigger gear 110 may have a
different radius of curvature, shape, and/or different orientation relative to the mode
button 16. Referring also to FIG. 8, the deployment trigger gear 110 may be
substantially parallel to and laterally spaced apart from the clamp trigger gear 80. The
clamp trigger gear 80 may be on the left, looking along the handle 12 in the distal
direction, and the deployment trigger gear 110 may be on the right. However, the
lateral positions of the gears 80, 110 may be reversed if desired. As another example,
the clamp trigger gear 80 and the deployment trigger gear 110 need not be spaced apart,
and may be laterally in contact with one another.

[0034] The arc 53 of teeth 55 of the deployment trigger gear 110 selectively
engages the reversing gear 112, as described in greater detail below. The reversing gear
112 advantageously engages the deployment belt gear 114 at all times. The purpose of
the reversing gear 112 is to convert the forward rotational motion of the deployment
trigger gear 110 into rotation of the deployment belt gear 114 in the same direction. The
reversing gear 112 may include and be rotatable about an axle 116 that is held by the
handle 12. The deployment belt gear 114 may include and be rotatable about an axle
118 that is held by the handle 12. Distal to the deployment belt gear 114, an idler gear
120 may include and be rotatable about an axle 122 that is held by the handle 12. A
deployment belt 124 may extend between the deployment belt gear 114 and the idler
gear 120. Advantageously, the deployment belt 124 forms a continuous loop, with the
gears 114, 120 inside that loop, holding the deployment belt 124 in tension. The
deployment belt 124 may include a toothed inner surface 126 that engages the gears
114, 120. Optionally, the teeth on the deployment belt gear 114 that engage the toothed
inner surface 126 of the deployment belt 124 may be different from the teeth that
engage the reversing gear 112. For example, the teeth on the deployment belt gear 114

-7-



WO 2014/011257 PCT/US2013/034593

that engage the toothed inner surface 126 of the deployment belt 124 may be positioned
laterally inward from the tecth of the deployment belt gear 114 that engage the reversing
gear 112. A deployment slide 130 may be fixed to the deployment belt 124. The clamp
slide 94 may be located initially near the proximal end of the deployment belt 124, close
to or in contact with the deployment belt gear 114. The deployment slide 130 may be
fixed to the deployment belt 124 in any suitable manner, and may engage both the inner
surface 126 and the outer surface 132 of the deployment belt 124. Alternately, the
deployment slide 130 may engage only one surface 126, 132 of the deployment belt
124, or may engage a central portion of the deployment belt 124 between the surfaces
126, 132 rather than engaging the surfaces 126, 132. The deployment slide 130 may
have any suitable shape.

[0035] Referring also to FIGS. 3 and 7, a ratchet 140 engages both the clamp
trigger gear 80 and the deployment trigger gear 110. Referring also to FIGS. 8-9, the
ratchet 140 is pivotable about the ratchet pivot 142, which is a pin or other structure
held by the trigger 14 and about which the ratchet 140 can rotate. The ratchet pivot 142
may be fixed to the ratchet 140, in which case the ratchet pivot 142 is held by but
rotatable relative to the handle 12. As another example, the ratchet pivot 142 may be
fixed to the handle 12, rotationally as well as translationally, in which case the ratchet
pivot 142 may extend through an aperture in the ratchet 140 such that the ratchet can
pivot about the fixed ratchet pivot 142. A ratchet spring 144 may be fixed or otherwise
connected to the ratchet 140, at a location distal to the ratchet pivot 142. The ratchet
spring 114 may be connected to a pin 146 or other feature extending from a remainder
of the ratchet 140, or may be connected directly to the ratchet 140 itself. Thus, in an
initial configuration, the distal end 150 of the ratchet 140 is biased downward as a
consequence of tension in the ratchet spring 144, and the proximal end 152 of the
ratchet 140 (proximal to the ratchet pivot 142) is biased upward as a consequence of the
freedom of the ratchet 140 to rotate about the ratchet pivot 142. At least one ratchet
tooth 148 may extend laterally from the ratchet 140. As shown in FIGS. 8-9, the ratchet
tooth 148 may extend laterally in the leftward direction, as viewed from the proximal
toward the distal direction. The ratchet tooth 148 may be shaped as a triangular solid, or
may have any other suitable shape. A clamp trigger gear tooth 158 may similarly
extend laterally from the clamp trigger gear 80.

[0036] Referring also to FIGS. 10-11, a ratchet rib 150 may extend inward from

the proximal end 152 of the ratchet 140 or a location in proximity to the proximal end
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152 of the ratchet 140. As another example, the ratchet rib 150 may extend inward from
a different part of the ratchet. In the initial neutral position and in the clamped position,
as shown in FIG. 10, the ratchet rib 150 engages a mode switch post 156 that extends
outward from the mode switch 16. At least one spring 22 may wrap around the mode
button 16 to bias the mode button 16 to the neutral position shown in FIG. 3.
Advantageously, two springs 22 are utilized, one on either lateral side of the mode
button 16. The lateral outward end of each spring 22 may press against an interior
surface of the handle 12 or other structure or mechanism within the handle 12 in order

to bias the mode button 16 to the neutral position.

Operation: Clamping

[0037] Initially, the surgical stapler 2 is in a neutral, unclamped configuration.
In the unclamped configuration, the distal end of the anvil 6 is spaced apart from the
distal end of the staple holder 8, such that the end effector 4 may be moved relative to
tissue in order that the end effector 4 holds tissue between the anvil 6 and the staple
holder 8. The user possesses the surgical stapler 2 in hand, grasping the handle 12, and
places the end effector 4 as that user sees fit, whether during an open surgical procedure,
or a minimally-invasive surgical procedure performed through a port in the body such as
a trocar port or through a natural orifice in the body. The surgical stapler 2 instead, or
also, may be used in conjunction with or by a surgical robot (such as the Da Vinci™
surgical robot of Intuitive Surgical of Sunnyvale, California).

[0038] Referring to FIGS. 4 and 8-9, in the initial, unclamped configuration, the
clamp lock tail 32 is positioned underneath the ratchet tooth 148 and in contact with the
ratchet tooth 148. The clamp lock 34 may be oriented substantially horizontally within
the handle 12 in the initial, unclamped position. Even though the spring 58 biases the
proximal end of the clamp lock 34 downward, it is not biased so far downward that the
clamp lock tail 32 is moved out of engagement with the ratchet tooth 148. Engagement
between the clamp lock tail 32 and the ratchet tooth 148 lifts the ratchet tooth 148
upward in the initial, unclamped configuration. Consequently, the distal end 150 of the
ratchet 150 is pivoted upward about the ratchet pivot 142, and the proximal end 152 of
the ratchet 150 is pivoted downward about the ratchet pivot 142. In this position, the
proximal end 152 of the ratchet 150 is spaced apart from the deployment trigger gear
110. That is, the proximal end 152 of the ratchet 150 “stands off” from the deployment
trigger gear 110. In this way, the ratchet 150 is disengaged from the deployment trigger
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gear 110 in the initial, unclamped configuration. Further, referring also to FIG. 10, the
ratchet rib 154 may contact the mode switch post 156 in the initial, unclamped
configuration of the surgical stapler 2. Such contact between the ratchet rib 154 and
mode switch post 156 also may cause the proximal end 152 of the ratchet 150 to stand
off from the deployment trigger gear 110. The ratchet tooth 148 is located distal to, and
in contact with, the clamp trigger gear tooth 158.

[0039] When the user is ready to clamp tissue between the anvil 6 and staple
holder 8, the user squeezes the trigger 14 toward the palm grip 18. Referring to FIGS. 3
and 8-9, this motion causes the trigger 14 to rotate about the mode button 16. The
ratchet pivot 142 is fixed relative to the trigger 14, such that rotation of the trigger 14
causes the ratchet pivot 142, and the ratchet 140 itself, to rotate as well. Such rotation
causes the ratchet tooth 148 to exert a force on the clamp trigger gear tooth 158, which
in turn causes the clamp trigger gear 80 to rotate as well. This rotation causes the tecth
83 of the clamp trigger gear 80 to rotate proximally. The clamp trigger gear 80 engages
the clamp belt gear 82, such that rotation of the teeth 83 causes a counterrotation of the
clamp belt gear 82. Engagement between the clamp belt gear 82 and the clamp belt 90,
such as by engagement between teeth of the clamp belt gear 82 and a toothed inner
surface 92 of the clamp belt gear 82, causes the clamp belt 90 to move. The upper
portion of the clamp belt 90 may move proximally, and the lower portion of the clamp
belt 90 may move distally.

[0040] This motion of the clamp belt 90 may cause the clamp slide 94, which
may be fixed to the upper portion of the clamp belt 90, to move proximally. Referring
to FIG. 4, initially the clamp slide pin 100, which may be fixed to the clamp slide 94, is
located against a first surface 160 of the clamp lock 34. That first surface 160 may be
located on the upper surface of at least one of the walls 35, 37 of the clamp lock 34, and
may be located near the distal end of that wall or those walls 35, 37. The first surface
160 is biased into contact with the clamp slide pin 100 as a result of tension applied to
the proximal end of the clamp lock 34 by the spring 58. That spring 58 urges the
proximal end of the clamp lock 34 downward, and due to the pivot pin 60 located distal
to the spring 58, the spring 58 also urges the distal end of the clamp lock 34 upward.
The first surface 160 may be flat, curved, angled or complex; as seen in FIG. 4, for
example, the first surface 160 may be generally flat at its distal end, angle upward
toward the proximal direction, and then include another flat segment. As the clamp

slide pin 100 moves proximally as a result of proximal motion of the upper portion of
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the clamp belt 90, the clamp slide pin 100 moves proximal to the first surface 160, to
the detent 102. The clamp slide pin 100 does not change its vertical position in the
handle 12. However, the spring 58 continues to bias the distal end of the clamp lock 34
upward. Thus, when the clamp slide pin 100 moves proximally to the detent 102, the
distal end of the clamp lock 34 rotates upward such that the clamp slide pin 100 is now
located within the detent 102, against the lower surface 101 of the detent 102. The
presence of the clamp slide pin 100 in the detent 102 locks the clamp slide pin 100
within the detent 102, and thus holds the clamp slide 94 in place longitudinally.
Further, as the clamp lock 34 rotates, the unclamp aperture 76 rotates such that the
unclamp rod 74 is located against an upper surface of that unclamp aperture 76. Where
the unclamp aperture 76 is triangular and includes an upper surface 78 that angles
downward in the distal direction, the unclamp rod 74 may then occupy a position at an
upper corner of the unclamp aperture 76, at the proximal end of the upper surface 78.
[0041] As set forth in the Clamping Documents, the clamp slide 94 may be
fixed to or otherwise connected to a mechanism or mechanisms that extend through the
shaft 10 to the end effector 4, such that proximal motion of the clamp slide 94 causes
clamping of the end effector 4. “Clamping” refers to relative motion of the anvil 6 and
staple holder 8 toward one another, with tissue held between the anvil 6 and staple

holder 8.

Onperation: Staple Deployment

[0042] If the user is satisfied with tissue clamping, then the user may proceed to
deploy staples. To change to staple deployment mode, the user may depress the mode
button 16 laterally. The mode button 16 may be pressed from left to right or from right
to left. For convenience in description, the switch from clamping mode to staple
deployment mode is described as occurring in response to a depression of the mode
button from left to right. The directions “left” and “right” are determined looking
distally along the handle 12.

[0043] As the mode button 16 moves laterally, the mode switch post 156 that
extends outward from the mode switch 16 also moves laterally. As the mode switch
post 156 slides to the right, it moves out of engagement with the ratchet rib 154, such
that contact between the mode switch post 156 and the ratchet rib 154 no longer holds
off the proximal end 152 of the ratchet 140 from the deployment trigger gear 110.
Further, the clamp lock tail 32 has moved out of engagement with the ratchet tooth 148
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and stands off from the ratchet tool 148, as a result of the rotation of the clamp lock 34
due to motion of the clamp slide pin into the detent 102. Consequently, the proximal
end 152 of the ratchet 140 is no longer held off from the deployment trigger gear 110,
and rotates about the mode button 16 to engage the deployment trigger gear 110.

[0044] The user may then release the trigger 14. The trigger 14 returns toward
its initial position. Referring also to FIG. 15, the clamp slide pin 100 is held within the
detent 102. Where the clamp slide 94 is biased proximally, the clamp slide pin 100 may
be located at the distal end of the detent 102. The detent 102 holds the clamp slide pin
100 in place, which in turn holds the clamp belt 90 in place, which in turn prevents
rotation of the clamp belt gear 82, which in turn prevents rotation of the clamp trigger
gear 80. Thus, referring also to FIG. 12, as the trigger 14 rotates about the mode button
16 toward its initial position, and as the ratchet pivot 142 rotates with the trigger 14, the
clamp trigger gear 80 is held stationary in place in a clamped position. In that clamped
position, the clamp trigger gear tooth 158 is stationary as well, and the ratchet tooth 148
rotates to a position arcuately spaced apart from the clamp trigger gear 158.

[0045] The trigger 14 is now disengaged from the clamp trigger gear 80 and
engaged with the deployment trigger gear 110, as seen in FIG. 16. The deployment
trigger gear 110 may include outer tecth 162 along at least part of an outer perimeter
thereof. The ratchet 140 may be engaged with the deployment trigger gear 110 such
that the proximal end 152 of the ratchet 140 abuts one of the outer teeth 162 of the
deployment trigger gear 110.

[0046] The user may then depress the trigger 14 toward the palm grip 18. The
trigger 14 rotates about the mode button 16, and as set forth above, rotation of the
trigger 14 causes the ratchet pivot 142 to rotate about the mode button 16. As the
trigger 14 and ratchet 140 rotate, the proximal end 152 of the ratchet 140 imparts a force
to the abutting outer tooth 162, causing the deployment trigger gear 110 to rotate about
the mode button 16 as well. As the deployment trigger gear 110 rotates, the arc 53 of
teeth 55 that form part of the perimeter of the deployment trigger gear 110 rotates as
well. The arc 53 describes an arcuate angle centered on the mode button 16 that is equal
to or less than the arcuate angle centered on the mode button between the ratchet tooth
148 and the clamp trigger gear tooth 158. As the arc 53 rotates, the teeth 55 that engage
the reversing gear 112 cause the reversing gear 112 to rotate in the reverse direction.
Engagement between the reversing gear 112 and the deployment belt gear 114 causes

the deployment belt gear 114 to rotate in the same direction as the trigger 14.
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Engagement between the deployment belt gear 114 and the deployment belt 124, such
as by engagement between teeth of the deployment belt gear 114 and a toothed inner
surface 126 of the deployment belt gear 114, causes the deployment belt 124 to move.
The upper portion of the clamp belt 90 may move distally, and the lower portion of the
clamp belt 90 may move proximally.

[0047] This motion of the deployment belt 124 may cause the deployment slide
130, which may be fixed to the upper portion of the deployment belt 124, to move
distally. Motion of the deployment slide 130 may result in distal motion of a wire or
other structure that extends through the shaft 10 to the staple holder 8 and that may
cause one or more wedges to sequentially deform and shear staples from a feeder belt,
as set forth in the Endocutter Document. The arc 53 may define an angle that, when the
trigger 14 is rotated through that angle, less than all of the staples are deployed. For
example, three actuations of the trigger 12 may be required in order to fire all of the
staples from the staple holder 8. If so, the location of the deployment slide 130 on the
handle 12 provides an indicator to the user of how many actuations have been
performed and how many remain before completion of staple deployment. After the
trigger 14 has been rotated through the arc 53, the trigger return spring 164 urges the
trigger 14 back toward its initial position. The ratchet pivot 142 rotates with the trigger
14, causing the ratchet 140 to rotate relative to the deployment trigger gear 110, which
remains stationary. As the trigger 14 rotates back to its initial rotational position, the
ratchet 140 slides over the surface of the outer teeth 162 without engaging them or
rotating the deployment trigger gear 110, because the outer teeth 162 are shaped to only
engage the ratchet 140 in one rotational direction. The ratchet 140, being a ratchet,
operates to engage and rotate the deployment trigger gear 110 in only one rotational
direction. Alternately, the ratchet 140 may be held off from the deployment trigger gear
110 as the trigger 14 returns to its original position. As the ratchet 140 pivots about the
mode button 16, the proximal end 152 of the ratchet 140 slides over the next outer tooth
162 in sequence, then snaps down behind that outer tooth 162.

[0048] The trigger 14 is then actuated again as described above. Where the
trigger 14 is actuated three times in order to deploy all of the staples from the staple
holder 8, the trigger 14 is actuated one more time, for a total of three actuations.
Referring to FIG. 15, at the end of the third actuation, the trigger 14 has returned to the
neutral position, and the proximal end 152 of the ratchet 140 is located behind the last
of three outer teeth 162 in the deployment trigger gear 110.
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Operation: Unclamping and Resetting

[0049] In order to unclamp the end effector 4, the trigger 14 is actuated one
final time. As the deployment trigger gear 110 rotates once again about the mode
button 16, an unclamp cam 166 moves into contact with the proximal end 152 of the
ratchet 140. The unclamp cam 166 is located radially further away from the mode
button 16 than the most-outward surface of each of the outer teeth 162. Referring also
to FIG. 10, as the proximal end 152 of the ratchet 140 encounters the unclamp cam 166,
the proximal end 152 of the ratchet 140 is rotated about the ratchet pivot 142. This
rotates the proximal end 152 of the ratchet 140 far enough away from the mode button
16 such that the ratchet rib 154 moves radially outward from the mode switch post 156.
Consequently, absent lateral interference between the ratchet rib 154 and the mode
switch post 156, the springs 22 urge the mode button 16 toward its initial, neutral lateral
position. The mode switch post 156 once again holds the ratchet rib 154 outward.
Thus, as the deployment trigger gear 110 continues its rotation, past the unclamp cam
166, the ratchet rib 154 is held off the deployment trigger gear 110, as in the initial state,
and deployment is complete.

[0050] Optionally, the surgical stapler 2 may now be reset. The reset step may
be omitted where the surgical stapler 2 is a single-use device (such as a cartridge-based
device), or where the surgical stapler 2 is capable of multiple actuations but only a
single group of staples was applied by the user. To reset the surgical stapler 2, the user
pulls the deployment slide 130 — which is now at its most distal position — proximally.
Because the deployment slide 130 is fixed to the deployment belt 124, this motion of the
deployment slide 130 causes the deployment belt 124 to move in the opposite direction
as during deployment of the staples, such that the upper portion of the deployment belt
124 moves proximally. This motion of the deployment belt 124 causes the deployment
belt gear 114 and the reversing gear 112 to rotate in the opposite direction as during
deployment, which in turn causes the deployment trigger gear 110 to rotate in a
direction opposite the direction it had rotated during deployment. The ratchet rib 154 is
engaged with the mode switch post 156, such that the proximal end 152 of the ratchet
140 is held off from the deployment trigger gear 110. In this way, the deployment
trigger gear 110 can freely rotate back to its initial position as the deployment slide 130
is pulled proximally, without interference from the ratchet 140. The deployment slide

130 can be returned to its original position in one motion, despite the fact that it took
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three actuations and a final unclamping actuation of the trigger 14 to get it to its final
position. As the deployment slide 130 moves proximally, the arc 53 of teeth 55 reaches
a point where it moves out of engagement with the reversing gear 112, allowing the
reversing gear 112 to rotate freely. When the deployment slide 130 has reached its reset
position, which is the same as its initial position, the arc 53 of teeth 55 on the
deployment trigger gear 110 are positioned adjacent to the reversing gear 112, ready for
actuation. As set forth in the Endocutter Document, one or more feeder belts 90 may
extend into the shaft 10 and/or into the handle 12 of the surgical stapler 2, such that
resetting the deployment slide 130 also causes motion of those one or more feeder belts
90 in order to put fresh staples in position in the staple holder 8 for deployment.

[0051] Referring to FIGS. 6 and 15, the next step in unclamping is to slide one
or both of the release buttons 13 distally. The release buttons 13 are connected to the
unclamp rod 74, such that distal motion of the release button or buttons 13 causes distal
motion of the unclamp rod 74. As the unclamp rod 74 moves distally, it slides along the
angled-downward upper surface 78 of the unclamp aperture 76, because in the clamped
mode the unclamp rod 74 is located at or near an upper surface of the unclamp aperture
76. Referring also to FIGS. 4-5, as the unclamp rod 74 slides distally along the angled-
downward upper surface 78, that contact causes the clamp lock 34 to rotate about the
pivot pin 60. This rotation moves the detent 102 out of contact with the clamp slide pin
100, allowing the clamp slide pin 100 to escape from the detent 102. The clamp slide
94 may be biased distally, such that when the clamp slide pin 100 escapes from the
detent, it moves distally such that the clamp slide pin 100 once again is positioned
against the first surface 160 of the wall or walls 35, 37 of the clamp lock 34 distal to the
detent 102. This motion of the clamp slide 94 unclamps the end effector 4 in
substantially the opposite manner as initial motion of the clamp slide 94 caused
clamping of the end effector 4. Contact between the clamp side pin 100 and the first
surface 160 moves the clamp lock tail 32 back into engagement with the ratchet tooth
148, as shown in FIG. 9. The end effector 4 is now unclamped and can be removed
from the stapled tissue by the user. As another example of operation, the surgical
stapler 2 may be reset by unclamping, then resetting the feeder belts 90 to place fresh
staples in position for deployment. The surgical stapler 2 can now be repositioned,
clamped again, and actuated again to deploy more staples.

[0052] The operation of the surgical stapler 2 may be carried out in the course

of testing at a factory or other location. If so, the user that possesses the surgical stapler
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2 may be a technician, machine or text fixture that exercises the surgical stapler 2 in the
course of testing. The term “tissue,” in the context of testing the surgical stapler 2 only,
includes any substance or material used as a substitute for tissue in the course of testing.
[0053] While the invention has been described in detail, it will be apparent to
one skilled in the art that various changes and modifications can be made and
equivalents employed, without departing from the present invention. It is to be
understood that the invention is not limited to the details of construction, the
arrangements of components, and/or the method set forth in the above description or
illustrated in the drawings. The use of terms such as “upward” and “downward” in this
document refers to the orientation of parts on the page for descriptive clarity, and in no
way limits the orientation of the device in use. Statements in the abstract of this
document, and any summary statements in this document, are merely exemplary; they
are not, and cannot be interpreted as, limiting the scope of the claims. Further, the
figures are merely exemplary and not limiting. Topical headings and subheadings are
for the convenience of the reader only. They should not and cannot be construed to
have any substantive significance, meaning or interpretation, and should not and cannot
be deemed to indicate that all of the information relating to any particular topic is to be
found under or limited to any particular heading or subheading. Therefore, the
invention is not to be restricted or limited except in accordance with the following

claims and their legal equivalents.
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CLAIMS
What is claimed is:
1. Surgical apparatus, comprising:
an end effector; and
a handle operationally connected to said end effector, said handle including a
trigger and a mode button;
wherein said mode button is first in a neutral position in which actuation of said
trigger causes said end effector to move to a clamped configuration; and
wherein said mode button is movable laterally to a second position in which

actuation of said trigger causes said end effector to deploy staples.

2. The surgical apparatus of claim 1, wherein said handle is rotatable about said mode

button.

3. The surgical apparatus of claim 1, wherein said mode button is biased to said neutral

position.

4. The surgical apparatus of claim 1, further comprising a deployment trigger gear and a
clamp trigger gear located in said handle, wherein said trigger selectively engages only
one at a time of said deployment trigger gear and said clamp trigger gear; wherein
engagement of said trigger with said clamp trigger gear occurs when said mode button
1s in said neutral position and engagement of said trigger with said deployment trigger

gear occurs when said mode button is in said second position..

5. The surgical apparatus of claim 1, wherein deployment of all said staples from said

end effector requires more than one actuation of said trigger.

6. Surgical apparatus, comprising:
a handle; comprising
a mode button;
a trigger pivotable about said mode button;
a ratchet pivotally connected to said trigger;
a deployment trigger gear pivotable about said mode button; and

a clamp trigger gear pivotable about said mode button.
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7. The surgical apparatus of claim 6, wherein said ratchet includes a laterally-extending
ratchet tooth, and wherein said clamp trigger gear includes a laterally-extending clamp
trigger gear tooth; wherein rotation of said trigger causes rotation of said ratchet, which
in turn causes said ratchet tooth to engage said clamp trigger gear tooth and cause said

clamp trigger gear to rotate.

8. The surgical apparatus of claim 6, further comprising a clamp lock pivotable relative
to said handle, wherein a proximal end of said clamp lock is biased downward and a

distal end of said clamp lock is biased upward.

9. The surgical apparatus of claim 8, further comprising a clamp slide fixed to a clamp
belt, wherein said clamp slide includes a clamp slide pin; wherein in an initial
configuration said clamp slide pin is located on a first surface of said clamp lock, and
wherein said clamp belt is movable to move said clamp slide pin into engagement with
a detent defined on an upper surface of said clamp lock proximal to said first surface,

said detent biased upward along with the remainder of the distal end of said clamp lock.

10. The surgical apparatus of claim 8, further comprising a clamp lock tail extending
proximally and downward from a proximal end of said clamp lock, wherein said clamp

lock tail engages said ratchet tooth in an initial configuration of said handle.

11. The surgical apparatus of claim 6, wherein said ratchet stands off from said

deployment gear when said handle is in an initial configuration.

12. The surgical apparatus of claim 11, wherein a single actuation of said trigger rotates
said clamp trigger gear through an arc to a clamped position, wherein said clamp trigger

gear remains in said clamped position after said trigger is released.
13. The surgical apparatus of claim 12, wherein after said rotation of said clamp trigger

gear to said clamped position, said mode button is actuable, after which said ratchet

moves into engagement with deployment trigger gear.
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14. The surgical apparatus of claim 13, further comprising a deployment belt and a
deployment slide fixed to said deployment belt; wherein, after said ratchet moves into
engagement with said deployment trigger gear, at least one actuation of said trigger
causes rotation of said deployment trigger gear, which in turn causes said deployment

belt to rotate and said deployment slide to move distally.

15. The surgical apparatus of claim 14, wherein said deployment trigger gear includes

an unclamp cam along its outer perimeter, and a plurality of outer tecth.

16.The surgical apparatus of claim 14, wherein said deployment slide is manually
returnable to its initial position, such that said deployment slide moves said deployment

belt and in turn returns the deployment trigger gear to its initial position.

17. The surgical apparatus of claim 6, wherein said mode button is biased to a neutral

position.

18. A surgical method for treating tissue, comprising:
possessing a surgical stapler comprising a handle, said handle including a trigger
and a mode button;
clamping tissue in response to actuation of said trigger;
actuating said mode button; and

after said actuating, stapling tissue in response to at least one actuation of said

trigger.

19. The surgical method of claim 18, further comprising unclamping tissue after said
stapling; wherein said surgical stapler further comprises a release button; wherein said
unclamping comprises actuating said trigger once more and actuating said release

button.

20. The surgical method of claim 18, wherein said clamping is performed prior to any

actuation of said mode button.
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